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J'i~~71I.--'l'hc area clevo ted to pot.at,ors in the lTiiit,ed 
St,ntr.s in 1813 WRS 3,711,000 acres. The number of 
bushels produced that yenr was 420,647,000, the farm 
vitlue of which was $313,550,000 on Decenibor 1. 
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While this chart does not take into considern.tion t,lie' 
variation in size of the different States, it would resiwt 

duction )er square niile of nren. The rea tes t  pro1)or- 

quadrant of the Unit.ed States. 
In figure 2 the yield of )ot.st,cjes in bushels per acre is 

clusive. The yield in Maine was 1S0 hushels per scrc, 
while in t,lie centrttl Rocky &lount,nin Sttttes i t  was over 
140 bushels per acre. 

In Ohio potatoes rmik fourth in iinportttnccr. in t,he 
st,tqde crops, corn being first.? oats second, and d i e a t  
third. The i1cretl.pe devoted t.o potat.oes in Ohio in 1912 
WM 104,512 and the yield was 10,579,701 bushels. 
Fully one-hdf of the pot,atocs produced in Ohio are 
grown in the nort.lieast, qunrt.er of the State. 

The niean annusl ten1 wrature for the northern third 

warmest month is 7 2 . 5 O .  

much the same tqymumce if it sliould show t P ie pro- 

tion of !I rish potatoes is grown in t i e  nort,heasterii 

shown for encli Stitte for t i e  ll 10 years, 1900 to 1909, in- 

of Ohio is 49.4" and t i e  '1 mean t.enipersture for talie 

dste on which planting of early potatoes 
Crop Estimates.) 

bvgins. (IT. 8. Bureau Of 

D&s sf plari ti:iig and liwvestiiig potniocs.-In stud~-ing 
the effect of t,he went,her upon the growt,h and develnp- 
iiient of an plant it is necesawy to know the se~son  

In figures 3 and 4, therefore, t.hc average d a h  wllen 
early potatces are planted and when duo are indicated. 
Figure 3 shows that e i l y  potatoes are pfhit,ed in sout'h- 
ern Floricln in December and along the Gulf coast early 
in cTanuary. The time of the beginning of plantiw then 
promesses with 8 fair degree of rewularity nortfiwnrcl 
untfi it is the lst, of May in Upper Mi&igan and northern 
Maine. The effect of the A pslachiaii Mountains and 

plainly indicated. 
The harvesting of early potatoes, as shomn in figure 4, 

begins in March in southern Florida, and about Sept,eni- 
ber 1 in northern Maine. From these two charts 6 ure 

necessary for the grow& of early potatoes in different 
sections of the country enst of the Rocky Mountains. 
"he geatest number of days between the beginning of 
plantug and digging is seen to be across the central part 

during, whic E it is making its best growth. 

of the cool waters of the La i! -es in delaying planting is 

5 was prepared, which aives the total number of f ays 

of the cou1it.r.v mid in northern Maine. The least number 
of drtys is i G  in nort.heasterii Ohio. 
In figiirw 6. 7, and S sinii1.w charts are aiven to show 

tlie time of pl:tiitiiiu, tinio ef clic.c.ing, mid tEe clays neces- 
sary for tlir growfii nil11 t1cve?+ient of zate potatoes. 
It will he at, once not,ed tlinta while the planting and dig- 

(1:. s. IAlrrXll uf 

FIG. 5.--Arerrage number of days between plmting am1 digging early potatoes. 

latest date December 1 a t  Miami, Fla. The digging of 
late potatoes begins in September in the estreme north- 
east? in the vicinity of Cliicago, and in the centsral Ap- 
nlechian Mountain district. In extreme southern 

borida late potatoes are not dug until the fist of 
February. 
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planting date is local and ossibly artificial and is slightly 

Also when the teinpernture is much higher than 45", as 
at  Albany, N. P., the average dnt,e of planting may he 

One interesting feat,ure in figure S is t,liat while the 

than it is for early potat:oes iii t,he nort,hmi part of the 
United St.at.es, it is not so eat, in southern St.etes. 

number of days for t,he growth of late potatoes is p e a k  earlier t h m  the average P or that section of the country. 

Anot,her is t h t ,  t,lie h i g h  e Y evations in Virginia nnd sliglit.ly lat,er than B further investigation of planting 

FIG. i.-Averyu &ate on which digging of hte put.atoes bepins. (l.:. d. bincau of I'IVJJ 
Es1inmtes.j 

1'10. !l.-Mraii d:dy trmperatiwe (T.) on the date when the plmthg of early potatopr 
begins. 

of euly pot,;it.oes lwgiiis. This shows t h n  t whrt.her thc 
date o! plnnt.ing is Fsl-,runry 15 iii ncrl.t,hcrn &wrgi:i or 
May 1 in t.lw nortliarii port,ion of t,lit? ITnitml Stnt.es thc 
seasonal rise lins broughta the t.rni mrnturo dose t.o 45°F. 

When thc nierin t,amperiii.urc \-:I, 11 un is muc.h 1Int-l~ th:ui 
this, as at  New l-ork. it. is app:irent. iliat the csiidicr 

tow :ire plnntecl because the noriiial clnily tein ,eratnre 
does not re:ich SI) low :is thnt in tiny seasoii of t. h e pear. 

The average clnilv tempernture on the date t.liat late 
pot,ntoes are plnnteh, :is shown by figure 10, indicates no 
such iiniforiii value as is the case with early potatoes. 
One interesting thing, however, is that while the planting 
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of late otatoes is niuch earlier in the high altitude (lis- 

in that l:ttitude, the daily tenipernture r t t  thc tiiiie of 
planting is lower t h n  at iiearby lower-:tlth.de points 
and agrees with tlio teiiiperittmvls in the northern port ioiis 
o€ the country. 

tricts o P Virginia and North Ciirolintt than a t  other places 

FIG. ll.-Averwe date of lest killing frost iu spring. (From \\’eather Ilureau bolle- 
tiu V.) 

planted. In  T:tble 16 it is shown that the nrerngc time 
that it takes early otntoes to come up, nt Wituseon, 
Ohio, is 17 days. TY lis indicates that early potatoes are 
very a t to be cut back by frost. 

In P u r e  12 there is given the average dates of the 
first kfiing frost in the fall. This agrees very closely 

with the I-wginniiiw of digging of late potatoes as shown 
in figure 7, as wo&l be expected. 

WATER REQUIREMENTS OF POTATOES. 

TI’c7tcr rt,qi~,ir.c.ni.c,,ifs sf ptcrtofs.-A rainfall of 1 inch 
iiiems tt fall of 6,27S,64O cuhic inches of water on 1 acre of 
land, which ec1ii;i.l~ 3.6:33 cubic feet or 37,154 gallons per 
RCIO. A s  1 g:illon (if w\.nt,er at, G P O  F. weighs 5.3 pounds 
(V. Y. nie:~sure), t.lic might  of 1 inch of water on 1 acre 
of liuicl would bc 225,3iS pounds or 112.7 tons. One 
inch of rniii on 1 sclu:ire mile of lniid is equal to 2,323,300 
cubic feet, of w-nter. 

Prof. C’lidcs 1). Woods, of the Mninc Esperiment. 
%tion, st:tt.CLs t.li:it! it, 1in.s betm found by esperiment it 
t:i.lies about 495 tons of w:-il.t.er to grow 1 ton of dry matter 
of potatoes, and t,lierefure t’lint :L crop of 300 bushels per 
wre woulcl require :i,i)l’rl,siiiiii.t,~ly 6SO tons of water. 
This w\-ould bc equirn.lcnt, t,o 21. r:iinf:i11 of neitrly G inches. 
The Ohio Fnriner stat,cs tlint it. requires over lOS,OOO 
gl:llons of mat.vr to  nint.urt1 :I single wre o€ potatoes, or 
s1iglit.ly over -! iiiclws cil rain. 

1’IG. E.-Awr%ge dale of lirst killing frost ill :mliiimi. i,I~roiii IVesthrr llurenii bulle- 
LUl V.) 

Briggs aiicl Slinntz, in inrestignt,ions iiiade in north- 
eastern Colorado in 191 ]. , clet,erniincd that t.ho ratio of 
the. weight wf wn.ter al>sorhecl during the arowth of 
potntoes to the weig1it. of dry matter proclucecf was 445. 
Tlic variety uf potdo useil in t.he esperiment wus the 
Irish C!ohbler. 

This water requircnient is soiiietiiiies cdled the iL  tran- 
spirut.ion ratio’’ aiiil repreurnts the niiiouiit of water tritn- 
spired by bhe plaiit. It does not take into account the 
wnt.c?r from a rainfall tlint niny run off from the surface of 
tdie grouiiil or that is lost by seepage or surface evapora- 
tion. 

Tlie amount of watcr transpired by a crop varies with 
temperature nnd liuiiiiclit,v of thc atmosphere, the wind 
velocity, sunshine, and the cmdit,ion of the soil; also 
the size of the >l:i.iit,s tlienisclves, niid t,lie amount of 
moistme nvailab i e in the soil. 

J<inu, in t.he iiiorc? humid clininte of Wisconsin, in 1S92- 
1 ~ 9 5 ,  Fouiicl tliat it requirccl only 423 tons of water to 
produce 1 t,on of dry niat8t,er of potatoes. Von Seelhorst, 
ui lS9G-lS9S, a t  Gijttingen, Geiiiiiiny, found the water 
requirement of potatoes to be only %I, but the experi- 
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ments of Widtsoe, a t  Lo an, Utnli, agree very closely 

In one esperinient in Utah it was found that with an 
application of water a t  the rate of 9 inches the yield was 

with those of Briggs and S k inntz in Colorado. 
plain, but it seems mise a t  this point to refer. to figures 
15 and 16. 
TA r .~ma.l  con.stun.ts .for potatoes.-Tlie " thermal con- 

stant" of a crop is the average sum of the daily effective 

FIG. l.j.--\vrrage thermd coilstants between Ihoting md digging eirrly potatoes. 
(T'igmes s h t e  sums of daily mean temperatures above 43' F. during the growth md 
maturing of early potatoes.) 

temperatures necessary to bring i t  to maturjty. To 
tlc?teriiiine tlio etioctiva temperatures tlio writer has 
conuiilered t,liat p r t  of tho daily nieitn tenipernture 

FIG. 14.-Avrrage total r3inl:tlI (.inelic.s) between plrnlt iw :ind digging late pokrfues. 

figure 14. In coiiipring these charts with those in figiiros 
1 and 3 it will be seen that tlie bcst yield of potst,oes 
is not where the greatest aniount of rain falls. 

TEYPERATUEE I?.EQ~~IEEMICNTS OF POTATOES. 

The statements m d c  in the first pwt of this iwtide 
indicate that potntoes are a cool-wen.tlm crop, nnd 
studies which are elsboratocl later niake this matter 

I ~ G .  lr;.-.\vernge themnl constmts between planting snd digging late potatoes. (m 
nres state sums oIdruly mean temperatures above WF. durlng the growth and Dub- 
ing of late potatoes.) 

that is nliove 43' F. For esnmple, a day Wit81i an average 
teniperature of 48" has an '' effective temperature" of 5". 
In figure 15 there is given the suni of tlie average 

clailg degrees of heat above 43" between t-lie date of 
hnti i ig nnd tlie date of htirvesting of earl potatoes. i n  iigure 16 sindar data are given for the 9 at0 potato 
crop. 
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In general the greatest amount of heat necessary to 
grow and mature the potato crop is in that locality 
where the peittest amount of rain f d k ,  and noto 1iocc:- 
srtrily 1vlieru the time of gowtli  i a  1 1 , i i g i ~ s t .  Thp soil 

piwticularlv for late potatoes, although tho growing 
se.zwn is loiiger there. 

Fiqyirr 1!1 m d  20 show the percentage of 
sui i4~1:1~ t:i:its is cspcirianced from planting to iwvest- ll-lossible 

Fm. l!~.-I‘crctmt:\:e olpossible sunshine brtwem pl:iiitins snd digging of ewly pot3toes. 

. .  
iiig of ~mta,toes. 11 study of all of the c1i:trts giving 
the saiishino. tcmiperature. rninfnll , ant1 number of 
dnys froiii plik1ithig to 1iarvestiii.g potatoes will give 
soiii~’ iii~sreuting corrclntions. It IS regretkcd t l in t  time 
wili not dim- for working out these data a t  this time for 
:I 1:i.rgrer numher of stations and for all sections of the 
COullt,l’y. 

FIG. lS.-.iverage escess of the daily mcnn tern wr itiue over 43°F. between ihe plnntiug 
m d  the digging of heipotatoes. 

perature over 43°F. for carly and late pottitoes, respec- 
tively. The daily amount of lioat nccessqy for the 
potato crop is greatest in contra1 districh where the 
rainfall is greatest. It is least in nortlicrii districts, 

505-15-2 

hi. 2O.-Pcruent.rga of possible sunshine betweal plnnting a i d  digging of late potato-. 

CORREL.4TION OF WEATHER AND POTATO YIELD. 

d I I  m$y sttr.dy.-In the MONTHLY WEATHER REVIE w 
for Mny, 1911, 39: 792, the writer, in discussin the 
scientific method of correlation used the effect o f the 
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May.. ........................................................ 
June.. 
July.. ........................................................ 
August.. 
September. 
October.. .................................................... 
June and July combined. .................................... 
July and Auglat Combined.. ................................. 
June. July, and August combined.. .......................... 

....................................................... 
..................................................... .................................................. 

- 

weather u on the yield of iotatoes to illustrate t8he 
process. {lie period covered was from lSS3 to 1909 
and seemed to show that taniper:iture had n greater 
effect on the yield in Ohio than rain, niid that a cool 
suinnier w a s  necessary for n good yield. 

A .55-ycn:r co,.r.c.7cr.f.ion..-Iii T:d& 3 11 correlation liris 
been nii~tlo betwenii t,lic nicaii tcnipurnturc for .July aiid 
the yield of potatoes in buslids per acre! in Ohio, for 
the eriocl from 1860 to  1914, inclusive. 

!&is nietlioil of c.orrelation is descrilwcl in the REVIEW 
referred to abovo an11 a.1~0 in the MONTHLY WEATHER 
REVIEW for February, ID1 4. The mctliod was devr.1- 
o ad by Bmvais, Gdton, Pearaon, und Tule and shows 
t R e esact rclntion betw-ecn two factors. 

In  this correlation the correlation confficient, w*liich is 
desiunateil 11s r. is fouid by dividing the suni of tl in 

rocfucts of tho de.partures of the c1ntn from tlic iiorriid 
gy tho sclunre root of tlic procluctv of tlie sunis of the 
squarcs of the departure values. 

I 
-0.10 *0.09 
-0.22 f O . 0 9  
-0.51 fO. 07 
-0.31 *O.W 
-0.21 *o. 09 
-0.11 *O.W 
-0.50 fO.07 
-0.50 h0.  07 
-0.49 *0.07 

TABLE 2.-Vmelat ioi~ of Jztlq tsmpcrcttwe, and the yicld of potatoes in 
Ohio, 1860 to 1914. 

Sum.. 

Yean ...... 

Tear. I July mean temperature. 11 Potato yicld. 

.............. 
i3.0 

1%0 .......... 
1l61.. ....... 
lS62 .......... 
1,w .......... 
lsGl._... ..... 
1 w  .......... 
l%G .......... 
1%i .......... 
lpljy .......... 
1m .......... 
Mi0 .......... 
lsil .......... 
1Si2 .......... 
lS73 .......... 
1si4_.._. ..... 
1Si5 .......... 
l S i 6  .......... 
1Si i  .......... 
157s .......... 
1 m  .......... 
1Sso .......... 
lSSl .......... 
18s. .  ........ 
lSS3. ......... 
1 s4. ......... 
1 M .......... 
l&% .......... 
1SSi .......... 
1SS.. ........ 
lSS9 .......... 
1S'M.. ........ 
1s91 .......... 
1S92 .......... 
1 m  .......... 
1sw .......... 
lB95.. ........ 
18% .......... 
1S97. ......... 
189s .......... 
IS99 .......... 
1 m  .......... 
1901 .......... 
1903 .......... 
1 m .  ......... 
1 m . .  ........ 
1005... ....... 
19ol3.. ........ 
1907.. ........ 

I 190s .......... 
1'909 .......... 
1910 .......... 
1911 .......... 
1013 .......... 
1Y13 .......... 
1914 .......... 

OF. 
i2. 0 
7Q. 2 
72.61 
72. 0 
75." 
i l .  1 
75.8 
i?. Y so. 2 
i3 .1  
i6.4 

ro.6 
73.0 
i s .  
73.5 
,a. ti 
i3. s 
76. s 
i5.9 
73.1 

75. li 
io. 7 
d". 1 
i1.6 
75.2 
72.0 
a4.9 
72.1 
72.5 
i3 .0  

G9.0 
i3. 0 
74.5 
74.3 
71.0 
73.2 
75.5 
76.0 
i4. 1 
i4.1 

is. 1 
i 4 .0  
72. 9 
71.4 
73.0 
72.1 
i2.6 
i3 .9  
70. i 
73. s 
74.0 
ta.4 
i4.5 
74.0 

3 . 2  

-- 

-.1 

..- 

-n 

8 

Depar- 
turc. 

OF. 
-1.6 
-3.4 
-0.7 
-1.6 
+ l . 6  
-2.5 
+3.0 
-0. i 
+ti. 6 
-n. 5 +". S 

-1.4 
+?. 0 
-0. Ij 
+l .4  
-n. 1 
+.?.I) 
+o. 2 
+3.2 
+2.% 
-0.5 

+2.0 
-2. 9 
-1.5 
-2.1 
+l.ti 
-1.6 
+4.3 
-1.5 
-1.1 
-0.6 

-4.6 
-0. ti 
+O. 0 

-2.0 
-0.4 
+L!l 
+?. 4 
+O. 5 
+O. 6 

+4. 5 
+Q. $ 
--o. I 
-2. " 
-0. li 
-1.5 
-1.0 
+o. 3 
-2.9 
+o. 2 

+o. 4 
--II.2 
+o. A 
+O. 4 

+n. i 

........ 

........ 

-1- 

tnrt?. 

Buslirh: 
2.56 

11.W 
0.49 
2.66 
2.56 
ti. 25 
4.00 
0.4:t 

43.56 
0 . 5  
7.M , 
1.96 
4.00 
0.31; 
1.96 1 
O.(Il I 4 0 0  9 

O:OJ i 
10.24 I 
5.29 
0.25 

4.00 
S. 41 
2.35 
4.41 
2.56 
2.58 

la. 40 
4. 25 

0.36 I 

I 

1.21 i 

0.49 
4.011 ! 
:::: j 
0.25 1 

0. lli , 
0.49 I 
4.84 I 
0.36 
2. I 

5. iI 

0.M ! 
0.16 i 

232.64 ......... 
......... , , . s  11 -- 

-- 
6 

Depar- 
ture. 

-- 

+1!1 
+ x  
-14 
-12 
- .I 
-1" 
- - s  - 1'2 - Ij 
+ 7  
- S  

+ 9  
- - I  
- 2  
-16 
+1S - 1s 
+ 4  
-13 
- 1  
- 3  

-39 
- 3  
+?1 
- 2  
+ 4  
+ Y  
-3 
+lti 
+ 3  
-20 

+?% 
- 3  
- 0  
-14 
- 2  
+ G  
-14 + s  
- 1  
+ S  

- 6  + 15 
+13 
+1s 
+ 5  + 30 
+ s  + 0.1 
+IS 
+ i  

-14 
+% 
- 1  
-13 

........ 

........ 

1 

%g-"' 
turn. 

861 
0 

lnli 
144 
15 
144 
e4 
1-14 
3G 
49 
64 

81 
16 
4 

5 6  
224 
324 
16 

lO(1 
1 
A 

9 
441 

4 
16 
&4 

s41 
Stj 

9 
400 

S?!, 
9 

81 
1'JG 

4 
36 

104 
64 
1 

84 

36 
?5 
169 
324 
25 

'm 
I3 

3a 
49 

1% 
33 

1 
1WJ 

1O,li9 

1,621 

........ 

........ 

$?;ti. 

8 

- 311.4 
- 10.2 + 'I. s + 19.2 
- 6.4 + 20.0 
- 1c.n + 8.4 - 39. t i  - 3.5 - T2.4 

- E 6  
- s.u + 1.2 
- 2 4  - 1.8 
- 3lj.u + 0.8 
- 41.6 
- 2.3 + 1.5 

+ s. I 

- 31.6 + 4.2 + ti.4 - l".S 
-164. i - 24.0 
- 3.3 + 12.0 

-1G.B + 1.z. 
- s. 1 - 9 ,s  + 4.0 - 3.4 
- 26.0; + 19.2 
- 0.5 + 4.u 

- 24.0 + ti.0 
- 9. 1 
- 39.t; 
- 3.1) 
- 43.0 
- s.0 
- 53.2 + 1.4 

- .Is - 4.6 
- O.!I - 5 .2  

-77s. 5 

- is . !  

......... 

......... 

.___ 

In this particular example the sums of the columns 
showing the scpres of the departures from normal are 
535.64 and 10,179 (see columns 4 nnd 7). 'llio product 
of these two sums equals 2,368,043.56. The square root 
of this product, is 1,538.S. Tho sum of t,he rnlues in col- 
uniii 8 is - 778.5, aiid this divided by 1,53S.S gives :E quo- 
tient of - 0.51. This is tho correlntion coefficient, nncl 
slio~va tlie effect of the memi tempernturu for July upon 
t,hc iotato crop. 

T h  iienrer the correlat,ion coefficioiit is to unity tha 
c.loser tlie relation is betwoen the two fact.ors, and the 
n e m x  to zero the less the relation is. By the fnct t.hnt 
the correlation coefficient is procedr.11 hy the minus sim 
it shows that the higher the temperatmure in July &e 
sniallcr tho potato crop. 

It is believed that some relation is shown if the value 
of T is three times the probnble error and that it  is estab- 
lished without question if the coefficient is sis  times the 
probable. error. The probable error is deterniiiied by 
tho ecption, 

1 --9'? 

0.674- 

in which r is the correlation coefficient, n.nd .n. the number 
of yams in the record. Substituting tlic above values 
in this ecluation the probnhle crror is found to bc f0.07. 

The correlation coefficioiit from Tnblc! 2 ,  - 0.51, is 
therefore more than sis times the probable error and 
estnblishes a marked relation between tho inezm 6nmper'n- 
turo in July :i.nd the yidd of pobittoca in this St,n.t,e. 

I<ft.ct of' f t ~ n a p t ~ t i i  t w c  by ~ w ~ o i i t l f . ~ . - - A  similar correl:i.tinn 
bctwcen tlie potato yield in Ohio :~iid the inexii tempera- 
ture of other suinnier nnd fnll  months lins been iiiade 
niiil is given in Table 3. 

TAULE :L-f?orrtldim of thc 'inetrn. (~iitpt~rittiirs jiir Ohio .for dilfirent 

Ji 

pt+i&, wilh the. potczln yicld fir the lit-riod 1860 to 191-i. 

Periods. 

I--- I . 

This indicates that while cool weather is inore favorable 
thnn warm in each iiioiith considered, t,lie t.cnipernt,ure of 
either Mny, June, August, Sept t.mher, or October alone 
has very slight influence, as conipnreil with July, upon 
the potato yield. Also bhat the ten1 irrature of June and 

bined has just, uhout tdie snnie effect as thnt, for July alone. 
An inspection of the figures showing the yiclcl of pota- 

t,oe.s, colunin 5 in Tnble 2? incliciltes an increase in the 
yield in recent, yea.rs, nud :E calculation of the yield by 
10-year periods shows n yicld of 10 bushels ier acre 

period. Whenever there is a uiiiforrii 1iicrecLse or de- 
crease in tahe yield of any crop it is always best, when 
ninking n correlntion of this kind, to get t.he departure 
values froin 10-year means. Such a correltition wns made 
between the tempernt>ure for June and July conibiiied 
and tlie yield of pottttocs, using the 10-year depwtures, 
and the correlation coeficient was csactsly the same as 
when the elitmire 55-year de artures were used. Hence 

July, July nncl August, or Julie, Ju  f y, ani1 August. coni- 

higher froin 1900 to 1909 thnn the average for t. 1 ie whole 

the longer period was use i in all these calculations. 



MAY, 1915. . MONTHLY WEA 

The length of time used in these correlat.ions, tlie fact 
that the mean teiii erature was taken for thc whole St.st.e, 

well distributed oyer the Statme, iii:ilit> tlt1.1 iipures in 
Ta.ble 3 of mnrked value in showiiig the cfl'ect. of tlir 
teiiipriLt,ure of cdendar mont,lis upon the J-ield of 
pot,at.oes in this latit,ude. 

EJtd oj' 1.il~i.n$172 upon. p t t r f r i  yir7d.--0n p g e  236 we 
discussed the water requirements of potnt.oes 8.s slioi\-n 
by laboratory methods ancl on >age 9 the nct,ual rain thtit, 

of the ot.at,o crop in difyerent sect.ions vf thc country. 

different cnhidar niont,lis upon the p0tttt.o yield tis de- 
termined by t,he correlation niethod. 

TABLE $.-Correlicthn of thc rtti)ifull for d[,(f;.rtwt periods with the pottito 
y idd P n  Ohio, f b r  1960 to 1914. 

and the fnct thrLt, t. P ie yield figures ww froni n crop fairly 

falls cluring the ent,ire periocl o I growt.h mid dev-elopnic~nt 

In Tab F e 4 we shnll show the effcct of r:-tinIrill cluring 

' 

.. 

Adfil. ........................................................ ............................................................ 
June .......................................................... 
July.. ........................................................ 
August ....................................................... 
September.& ................................................. 
October.. ..................................................... 
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r 
-0.31 

0.11) 
0. SR 
0. ?2 

-0.15 
11.0; 

0. nri 

Periods. 
. . . . . .  

fll.09 
fO. 11) 
*o.n9 
*O.IlS 
*-II.fl!J 
f0.09 
i-0. 10 
*u.rJs 

Thr low vnlues for r in tlw nborc for May. Juiie. Scp- 
teiiibw, ancl October intlicntc tlint the rsinfall for t l ios~  
iiioiitlis aloiie lixs little effect) upon the fiiinl yield of 

for Ohio for the month of Jul . Parallel lines on either 
side of the normal corresponzwith degrees of tempera- 
t,ure rtbore and below the normal, respectively. 

The cent.rn1 perpendicular line or axis of ordinates, 
indicates tlie average rainfall over Ohio in Julv for 55 
ycnrs. The difference from the normnl in inches and 
teiit.lis is shown by pwallel lines on either side. At the 
int~erscction of lines showing, respectivelv, tohe departure 
of the iiiluii t,emperature nnd t.ota1 rainfall for any ar- 
t,iculai: July, n dot is placed to indicate the y i e d  of 
pot,:itc:ws €or t,linta y e w .  If t,lie yield was above the nor- 
iiinl a plus iiiark is ent.eretl, snd if the yield was below 
the iioriiinl blieii it! is iiiclicated by a niinus si n. 
This ninlies plain t,lie fact t.liat warm and wet weat %. er 
in July >reduces a hnd effect upon the potato mop in 

is wnerdly unfikvorable, ultliough there may be a ood 

:dso t,lint, cool meat,her is generally favorable, more 
especi:dly if cool wenther uccompaiiies the wet weather. 
A cool nucl dry July lins just as many yields above as 
below the normnl. 

I n  figure 23 tshe combineil weat,lier conditions for the 
months of July and August are indicated in the same 
niannor. This oniphnsizes the fnct t,hat warm weather 
ncconipaniecl by dry went41ier for t,lie whole two months 
is dt?cvicIcclly unfavornble? while good yields do sometimes 
result! evon with wmii weather if there is a moderate 
miuiint, of ritiii. Cool aiid wet u-eatsher for the two 
nu mths is clociclrdly fiL\-or;Llh. 
'h? shifting of t,lir:st? plus nnd niinus clots from one 

c{u:%dr:mt t.0 nnot.hcr in tliese two charbs indicates the 

prnot,ic.nl \ v evcry case. Also that warm and drv weather 

yich if it is oiily mocteratcly clry nncl warm. It s %; ows 

FIG. 2l.-l?birl stlowing the ronihined effect or trmprnturr mid r:~inrdl durin: Jiily + Ticld ~ I J ~ V P  I i v r n u l ;  upun tlie yirlld of pomlues in Oiiio. (1Siiu-1914. $3 yews.\ - yield below normal. 

potatoes. April lias a slight. iiepat,ire alii1 Xugust ti 
slight posit.ive comelat.ion, dt.hough both are less t.Iiaii 
three times the probable error. 

July, liowever, has 1% correlation coeficicnt four t,iiiicIs 
the probable error, while that for July aiicl A y p s t  coni- 
bined is nearly five times the probable error. 1 his sliows 
that July and July and August combineil slioulcl hnve a 
moderate ctniount of rainfall, but it shows also t , h t  rain 
is not such :I controlling factor as the t.enipemt.urc. 

C'omb~i~iicd ~fi(.ii qf' t r ? t i 2 ) c j ) r i t i r r . r  II l i d  rrriii .--The efl'ect of 
two weather factors upon t.he yield of n crop niny bc shon-11 
uickly and p a .  liicnllp by 111ea.iis of the ''dota chart." 

?his is illust4rnt,ei by figures 21 and 32. In figure 21 t,lie 
central horizontal line indicates the iiorniul temperature 

. 

TIG. ?2.-(.'liart showing the combined effect of temperature and rainfall during July 
(18W-1914, 55 yeus.) + Yield :%:id .\oaust upon the yield of potatoes in Ohio. 

ahus-e nurnml: - yield below normd. 

ncciimulnt.ire effect of certain weather conditions. A 
~w~i~lif.ic~~n that may not be kil'urious for four weeks 
~Jrconiw clecicieclly so if continueA for eiglit weeks. 

COBBELATION FOR SHORTER PERIODS THAN A MONTH. 

As t.ho average teniperat.ure and rainfall data for the 
St.nte of Ohio :ire compiled by calendar months the 
corrclnt,ion just discussed was confined to months or 
cc?iiil)iii:it,ioiis of them. It seemed desirable, however, 
to :wcrt~ain whetrher there might not be shorter 
periocls or a different grou in of the days that 
would affect the potato yield! 60 determine this the 
average yield of potatoes in the three counties of Frank- 
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June 1 to July 10 .............................................. 
June 11 to July 20 ............................................. 
Jiine 21 to July 31 ............................................. 
Ju ls  1 to bug. 10 .............................................. 
J L I ~ ~ .  11 to AUg.  20 
July 21 to Aug. 31 ............................................. ............................................. 

lin, Madison, and Picknway, located in cent4rnl Ohio, was 
computed for tlie eriod from 1S91 to 1910, inclusive. 

days was then averaged for sonie 18 different coopera- 
tive stations located i n  or near those counties. A coi~e-  
lation of the rainfall for periods of 10, 20, 30, 40, and 50 
days from June 1 to Awust  31, with the potato yields, 
gives results as indicntecr by the following tables: 
TABLE .5.-Correlation between mi,) ful l  .for IO-day pcriods mid the yield 

of potatoes in eenlrcil 0ltio.for tlie years 1891 to 1910. 

Ru:infalZ .for IO- IF u?y pel.iods.-Tlie rainfall for each 10 

Perlod. r. 
0.59 
0.85 
0.09 
0.03 
0. cl2 
0. hi 

Jqne 1 @ 10.. ................................................. 
June 11 to %... ............................................... 
June 21 to 30.. ................................................ 
Julv 1 to 10.. ................................................. 
July 21 to 31 ................................................. 
Aug. 1 to 10 ................................................. 
J u g  11 to 20 .................................................. 

.4ug. l l to21 ................................................. 
Aug.Pllo31 ................................................ 

r. 
0.ZJ 
LI .32  
0.16 
0.4s 

-0.3 
-0.13 

0.0ti 
0.3; 
-0.3 

*0.  12 
*n.13 
*U.13 
fV.la *o. E 
*0.13 
*o. 13 
+(0.11 
*0.13 

Only two of these vnlues of 1' are more thtm tlireo tiiiies 
the probable error, yet the table shows very interesting 
values. The h t  10 dnys in July tind the secoiid 10- 
day period in August ev~dt-?ntly should have rain to pro- 
duce a ood crop of potatoes. wliile thcrre is n period bc- 
tween t B ese days when rnlli semis to  be detrimental. 

Why is this? Is it because thoro a.re early nnd late 
crops grow-ing :It different seiw:tiis of the pear 9 Or is 
therc some other osplnnation B 

While a concl:it.ion €or a rcater number of j-ears 

ns to the reliid~ility of the data for tho tinic covered. 
The yield is ~i average for t h e e  counties aiicl the rain- 
fall figures are c:wofully ilotorniinccl from enough points 
to  give tlie correct ra i i i fd  for t,liese eouiit.ies. 
TABLE O.-Corrshlioii of ru;iifiill.for W d r y  pwiods with potctto yield 

crntrnd Uhio, I.i'91 to 1910. 

niight change these viilues slig F itly tliert? is 110 quostion 

r 
0.44 
0.20 
0.09 
0.17 

-0.05 

~ ...... 
Correlation 1 ;'rol,ablo I coetticimt. I error. Period. 

*0.11 
f0.13 
*0.13 
fO.13 
f0.13 

June 1 to 20 ................................................... 
June 11 to 30. ................................................. 
June 21 to July 10 ............................................. 
July 11 to 31 .................................................. 
Aug. 1 to 20 .................................................... 

0.44 
0.133 

-0.23 
-0.m 

0.29 
O.Z 

July 1 to 20.. ................................................. I 
July 21 to Aug. 10 ............................................. I 
Aug. 11 to 31 .................................................. j 

~. -. - 
r 

June 1 to 10.. ................................................ -0.12 
JunP 11 to 20.. ............................................... -0.17 
Juue?l to 30.. ............................................... -0.28 
July 1 to In.. ................................................. -0.44 
Julv 11 to '20.. ................................................ -0.33 
July 21 to 31 .................................................. -0.33 
dug. 1 to 10.. ................................................ -0.23 
Ang. 11 to 30.. ............................................... -0.30 
Aug. 31 to 31.. ............................................... -0.38 

This correlation for 30-dag periods shows the samn 
favorable coliclitions for dry wenthcr in July a d  tlie lst, 
of August, tis was iiidicatocl in Table 5. The value of r 
for June 1 to 80 is almost five tinios the probable error, 
while froni June 31 to J ~ l j r  10 it is four times thc proba- 
ble orror. Other valucs of r are rather low. 
TABLE 7.-Correlation of T c l i f ? j f l / l  for 50-day periods with pohito y idd  .iu 

czntrnl O h h ,  IS91 io 1910. 

I 

Period. Correlation Probable I cMJ cien t . I , error. 
r. 

June 1 to 30.. ................................................. I 0. J? *O. 11 

July 1 to 31.. ................................................. i 0.W2 f O .  13 

June 11 to July 10 ............................................. 0.58 1 f O . 0 9  
June 21 to July 20.. ........................................... 0. ?G f O .  12 

July 11 to August 10 ........................................ ._I -1l.211 f0.  13 
July 21 to Aug. 20 ............................................. U. 19 I fO. 13 
Aug. l to31 ................................................... I 0.11 f O .  11 

By this table the period from Juno 11 to July 10 is the 
most im ,ortanti ns regards rnllifall and ruin is im ortant 
during t L a t  time. Dry weather is niost fnvorab P e from 
July 11 to August 10. Tlie results from this table in 
particular substantiate tliose from Table 2 .  

TABLE S.-Correlation of rciiibfnll for 40-diiy periods with potato yield in 
central Ohio, 1891 to 1910. 

Period. 

*O.W 
*O.ll 
*0.13 
*0.13 
f0.13 
i0.13 , 

Hero rniii is important duriiig tlie )wind froni June 1 

railifall, after June 21, for -IO-day periods and the putat0 
yield. 

TADLE O.---Correlrition of rainftill .for .W-d(ry pcriods with pofnio yield iii 
ceiitrd Ohio. 1F91 io 1910. 

to July 10, while there is little corre !l atioii bch-wa the 

' Period. 

J i i n p l t o J u l ~ 3 0  ............................................ 
June 11 to Jiily 31 ............................................ 
June '11 to Aug. 10. ........................................... 
July 1 to bug. 20 ............................................. 
J ~ l y  11 to Aug. 31. ........................................... 

~ 

Tlic correlat.icm for talle period from Junc 1 t,o July 20 
is f iiirly high, but lAt.er 50-dxy periods w e  unimportant. 

7>rn l w C i , t i i r t . .  jb l i k l u y  pt.'.iod.j. a2itl poicrto yirltl.--In t.he 
following t.sbles the ai-er:~ge temperature at. C'oliinibus, 
Fraiikliii C!oun tg, Ohio, is correlat.et1 wi t.li Lhc! yield of 
p() t ntoes in Fr:mldiii, Madison, and Picl<ik\jr:i?; Counties: 

T.~DLE l@.-Correlntion. of menfa totipmature at Coolurnbur, Ohio, for 
IO-tluy period with potoh yield ,in. cenirtil Uhio, 1891 to 1910. 

Period. 

i o .  13 i o .  13 
*O. Lo 
*o. 11 
*o. 12 
*o. 12 
i0.13 i o .  11 
*ai1 ' .- I -. ~~ 

7 
error, and it, shows plainly t, i iat  pvtatoes in central Ohio 

Tlie highest. correlst.ion is -0.44 for the first 10 cla 
of July. This ralue of r is 'ust four tiiiies the prohnb e 

should have cool weather t i t  this t,inie. By referring t.0 
Table 5 it will be seen that this siiiiie 10 days gare t'he 
highest correlation for rainfall and t,lint web weather is 
necessary. 

These two t,ables establish the fact, t,hat, cool and wet 
weather duriiig the first 10 days of July is quite essential 
as far us central Ohio is co~~cerncd, :tiid that the weather 
of this short period litis n large iiifluence upon t,he final 
yield of potatoes. 
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~ - . 

June I to ?O.. ................................................ 
June 11 to 30.. ............................................... 
June 21 to July 10.. .......................................... 
July1 to20 ................................................... 
July 11 to 31 .................................................. 
July 21 to bug. 10.. .......................................... 
A u ~ . l t o M  .................................................. 
.tug. 11 to 31.. ............................................... 

TABLE l l . -Cmela t ion of temperature for 2O-day ppriods I I ~ H ~  potato 
yield ,in central Ohio, I S ~ I  to 1910. 

____ 
I 
-0.10 
-0.27 
-n. 61 
-0.54 
-n. 41 
-0.42 
-0.3fi 
-0.43 

season with the re uirements RS shown by the preceding 

he may espect a good or a poor crop. If he will extend 
his observation over the county or the state or over an 
even larger district, he can make a good estimate of what 
the general yield will be. 

tables, woulcl enab ? e any potato grower to ‘udge whether 

June 1 to m... ................................................ 
June 11 to July 10 ............................................. 
July 1 to 31 ................................................... 
Julr 11 to Aug. 10 ............................................. 
Julp 21 to Ang. 20 ............................................. 
dug. 1 to 31 ................................................... 

June 21 to JUly %I... .......................................... 

Perlod. 

r. 
-0.33 
-0.53 

-0.57 
-0.51 
-0.49 
-n.35 

-0.61 

June 3n 
July 2 

9 
June 24 

30 
July 1U 
June ;! 

Ang. Zn ................ 
July 30 ................ 

31 ................ 
20 85 Good. 
25 100 Do. 

Aug. S 70 Do. 
15 95 Do. 

July 5S 50 Fair. 
fl9 
1 
5 
I 
in 
19 

20 

i n  
30 

Aog. i 95 
15 90 
1 6 0  
1 6 0  

20 60 
s loo 

5 8 0  

JUIY 28 GO 
bug. 20 ........ __ 

J u n e l t o  Ju ly10 .............................................. 
June 11 t.o Ju v 20. ............................................ 
June 21 to Juli 31 ............................................. 
July 1 to Aug. 10. ........ .!. .................................. 
July 11 to Ang. 20 ............................................. 
July 21 to Aug. 31 ............................................. 

~ 

r. 
-0.58 f0.09 
-0.58 *0.09 
-0.62 f O .  09 
-n. 63 w. n9 
-0.54 fn. in 
-0.81 *O. 10 

mi .............. 
19w2.. ............ 
1903.. ...................... 
1904 .............. 
1905. ............. 
19!% .............. 
19oi .............. 
190% .............. 
19n9.. ............ 
1910. ............. 

17 
21 

Nay 5 
4 

A r 24 
4 

Apr. 

fO. 13 
*O. I“ 

10.10 
*0.11 
f0.11 
f O . l l  
+o. 11 

f0.m WEATHER EFFECTS DURING DIFFERENT PERIODS OF 
DEVELOPMENT OF POTAeTOES. 

Mr. Thomas Mikesell ‘of Wauseon, Ohio, in Fulton 

are givcn for e d y  potatoes. It will be seen that t,he 
d a k  1ot.at.oes tire plant,ed each year, is given as well as 

date in blossom, the date t ley are ready for use, and the 
date ripe. 

In addit>ion bfr. Mikesell recorded the potato yield in 
percentages of a “good c,rop” and the qudity of the 
crop. As he is R very careful observer t.he data are 
reliable. hfr. Mikesell has compiled the same data for late 
potatoes and from his tables it appears that the average 
date for planting late potat,oes is May 19, the average 
date that t.liey appear above the pound, Muy 31, aver- 
age date in bloom, July 7, and thc’ arerage date ripe, 
September 8. 

TABLE 15.-Plienological dates and akta for growth of early otatoes at 
mmsm, Ohio, 188.3 to 191,n, ht Thoma J f i E a d t  

[Lat., 4 1 O  35‘ N.; long., &Io 07’ E.: alt., 7SO feet A. Y. S. L.] 

County, Iim kept a very complete record 
clabes mid d h t  siiice 1883, and in 

\ t.he J at.c t,lint, thc plant 1% ~penlu above the ground, the 

Tho 20-day period from Juno 21 to August 10 is the 
most important from a ten1 erature point of view, and 

value of T for July 1 to 20 is almost s is  times the 
probable error. 

TABLE l?.-Corrclation of tcniperatwc fm SO-day pcriods uith potato 
yield in central Ohio, 1891 to 1910. 

Table 6 shows that it should !I e wet as well as cool. The 

Period. 

, fn.11 

fn.ng 

f o .  in  

*O. 10 

fO. 09 
f O .  10 

f O .  11 

All values of r)’ nrc t.hrre times t-he probable error and 
that for the two periods June 2l-July 20 and July 1-31 is 
more than six times the probable error. These values 
of T for the three periods covering each of the full months 
of June, July, and August, comparing so closely with 
t,hose for the State of Ohio for a much longer period as 
seen in Table 3 proves that the results from Tables 10 
to 14, which are for a much shorter period and snialler 
area, are accurate. 

TABLE 13.-Correlatinn of tmiprmhtrc for .IO-diiy prriods ~r-ith potnto 
yield in central Ohio, 1,991 to 1.910. 

-___-- 

Date 
Year. $;kd. I above 

1 i Date in 
bloom. 

I- I-l- 
Yay S 

14 
19 
9 

11 
I S  
11 
13 

11 
1 4  
15 
1 
7 

12 

30 
G 

2n 

........ 

........ ........ ........ 
May 17 

i n  
10 
1 4  
10 
12 
S 

25 
9 

May 13 

Juue 10 
18 
5 
12 
1S 
“0 
21 
14 

17 
“0 
l G  
S 

17 
14 
?5 
29 
10 

June 20 
S 

May 23 
June 20 

6 
11 
18 
8 
8 

1s 
24 
11 

rune 15 

. -. . -. -. . 

1%3* ............. Apr. 12 
1w.. ............ 
181 .............. “3 “., 1Wj. ............. 

............. 25 

1 1 7  
1SSS 
119.. 
1SW. 

.............. 

.............. 
............ 

June 
July 

June 

July 
;z 
June 

1W .............. 
1892 .............. 
1893 .............. 
1894 .............. 
I S 5  .............. 
181.. ............ 
lS!47.. ............ 
1sns. ............. 
1m. ............. 
1900.. ............ I 

Good. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Good. 
........ 

......... 1 ..........I ........ ........ 

17 
27 

Yay 1 
G 

21 
Apr. 25 

2s 

Period. 

.................................. 
June 23 1 .......... 1: .......I ........ ......... 

........ 

.......... I ................ 
Sept. 12 75 Good. 
Aug. 25 SO Do. 
Sept. 1 80 Do. 
Aug. 20 45 Do. 

I 50 DO. 
5 19 Do. 

20 55 Do. 

~ 

These values of T are all high and are about what one 

TABLE 14.-Corrclut~ion. of tcnipcroture for 5%dq pfriorls with p o t d o  
yield in central Okin, 1591 to 1910. 

would espec.t from preceding tables. 1911 .............. May 4 
1912 .............. Apr. 16 

Awra ge.... Apr. 26 I 
* nntn for the vews lS3 to 1901 Inrlusive apply lo Yr. Mikesell’s own farm; data for 

19IJ2 to 1912 appli to certain nearhi flelds, thk same field k i n g  used for the entire season. 

Il.tiaEhcr corisbaiits and &euuloym.en.t. ?f yofntoes.-.i4t the 
snine time that Mr. Mikesell kept the &its shown in 
Tnhlc 15 he recorded the daily teniperature and rainfall 
from reliable and well-exposed instruments. We have 
tli~*refor~~ tabulated the total numhcr of dags, total “effec- 
tire ten1 )erature,” and total rainfall for each year in Table 
16. ‘ITn z ortiinately iiiost of the data for crop develop- 

Perlod. Correlation Probahle I I  roefflcient. error. 

I ~ -__-- 
T.  

June 1 to Julv B... ........................................... 1 -0.5’ 
Jilns 11 tQ .Tllly 41 ............................................. -0,s 

JulTltoAug .Zfl.... .......................................... I -0:G7 
Jul) 11 to Anp. 31 .......................... ...................I -0.52 

June2 l toAug.10  ............................................ 0 65 

f0.09 

.0.04 

fn. IO 
*n.ns 

fo .  in 

Table 14 gives very little of value over Table 13. A 
study of the we@thsr that is prevailiPg during any 
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' .  ;% 
;2 Q 
4 2  

I;? 
50 
51 
46 
50 
53 
47 
40 

49 
48 
51 
5.5 
fi4 
3s 
51 
61 
45 

.... 
4s 
54 
54 

5? 

44 
50 

60 

63' 

ment were not observed during the ears 1900 to 1903; 

It will be seen that Table 16 contains the theriiiid and 
rainfall constants and the total number of clays between 
each period of develo ment as noted in Table 15, as well 

early potatoes. The highest a.nd owqst. totnl values are 
printed in distinctive type. 
. The total number of days from plant.ing to ripeiiiiig will 

be found to vary froni 83 to 134, the total "effective tem- 
perature" from 1,908 de ees to 3,149 degrees, and t,lie 

number of days is 106, average theirual coilstant ?A14 
degrees, and the total average rainfall 12.6 inches. 
There seems to be no very close relation between the totals 
of these three different constants for different years. The 
heat necessary to develop the plant seems to be thc iiiost 
constant from year to year. 
TABLE 16.-C'omtants during the growth of potdocs at Jlicicscow, Fulton 

hence the constants data are oniittec Q for those years. 

as the totals of these f actors from h n t i n g  to ripening of 

total rainfall from 5.5 inc 8' es to 23.9 inches. The averiige 

i 

County, Oh.io, 1883 to 191.'. 

-- 
s 
a 
g d  
% 
B 

-- 
D;! 

42 
36 
38 
37 
47 
55 
I 4  

51 
5fi 
46 
54 
64 
55 
33 
52 
56 ........ 

........ ........ ........ w 
SO 
53 
63 
54 
59 

6 3 6 3  

34 
39 

66 
-- 

is 5 2  
O F .  

503 
764 
s30 
w 0  
WG 
731 
707 
IWO 
720 
i46 
675 
553 
Sh\i 
149 
67% 
SO1 
729 

.--. 

~7 

71s 
42? 

4SO 
6% 
49.5 
593 

so) 
723 

687 

- 

1 
E z -  
k i  
!!g 

4 - 
)ap  
33 
35 
37 
34 
3s 
33 
41 
32 

37 
31 
3' 
35 
41 
33 
36 
30 
35 ... 
._. .__ -.. 
34 
?7 
33 
35 
29 
27 
41 

30 
38 

34 
- 

a 
-- 

O F .  

1 i37 
l:l63 
1,ow 
1 MI3 
1'311 
1'418 

1,177 

1 349 
1:617 
1.37s 
1.733 
1,976 
1.U17 
1 031 
(570 
1,653 

1:455 

.......... 
_.__._ .......... .......... 
3,075 
3,1m 
0 %a 
i)717 
1'507 
1:532 
1 , w  

963 
1,062 

1,518 

Time. 

1883 ........ 
1884 ........ 
1885 ........ 
1886 ........ 
1887 ........ 
1888 ........ 
1889 ........ 
1890 ........ 
1891 ........ 
1993 ........ . 1893 ........ 
1894 ........ 
1895 ........ 
lS96 ........ 
1897 ........ 
1898 ........ 
1899 ........ 
1900.. .......... 
1901. ........... 
1 m . .  .......... 
1903.. .......... 
1904 ........ 
1905 ........ 
1906 ........ 
19m ........ 
leoB ........ 
1911 ........ 
1912 ........ 

Average.. 

1907 ........ 
islo ........ 

Dag 
36 
23 
?6 
17 
15 
25 
19 
18 

17 
16 
21 
14 
10 
11 
14 

9 
11 

12 
6 

16 

1s 
1 

31 
23 

11 

i o  

3m 

- 
s 
8 
i d  

a 
-E 

e 

ab- 

bl 

Dav, 
130 
100 
99 
s9 
90 

105 
115 
94 

105 
109 
99 

10fi 
115 
99 
83 
91 

lo) 

- 

.... 

.... .... .... 
1?9 
111 
130 

101 
92 

134 

85 
100 

108 

io3 

- 

F. 
2,454 
2.199 
2.1111 
1,SllS 
y 6 n  
-JIS 
2.435 

2,534 
2,2m; 
2,474 
3,as.g 

2:559 

-,OW 
?,269 

2,851 
1 943 

2,647 

P gin 
$604 
3,149 
2.400 
2,296 
?,lo3 
2,636 

2,270 
2,m 

8,414 

Total effective t.empern- Tut;ll railli~ll. I ture. 

Inch.lInch 
1 0 6.7 
2:6 12.9 
3.4 6.9 
1.4 4.8 

0.1 11.4 
5.5 1.6 

0.S 3.2 

5.2 I3 .9  

0.7 4.9 
2.0 3 3 

1.0 4.1 

1.3 4.7 
2.0 . 2.3 

7.4 10.4 

2.:  4.0 
I.,  1 . s  

0.7 3:s 

................ 

............... ............... ............... 
0.6 3.3 
1.0 R.8 
@.9 3.0 
0.5 5.9 
l . s  4 .9  

5.8 - 6  

1.7 6.1 

8.1 4.5 

2.4 % 5  

a 5  3.9 

- 

- 
s 
3s 
IG 
a: 
a 2  e "  
- 
OF. 

215 
272 
344 
242 
243 
?69 
?73 
143 

200 
171 
1% 
lS3 
2-10 
3 5  
3 4  
185 
9 5  .__ 
.... .-.. .... 
14% 
64 

151 
103 
124 
76 

20' 

505 
323 

809 
- 

-. 

'rich. 
0.R 

3.- 
1.S 
4.4 
4.11 
6.S 
4.fl 

4 .4  
A. 1 
5.4 
3.1 I 
2.5 
3. 7 
4.1; 
G.7 
5 ., 

5.$l 

._ 

s . 0  

9.2 .o. 
0.3 
7. 7 
7.6 
G. 4 

1. I 

6.0 

"'5 

_- 

Inch. 
lS.5 
10.5 
13.5 
5.5 

111 4 
N.3 

l s . 3  
11.1 

s . 4  
23.9 
14 3 
9:s 
L . 5  

19.3 
9.9 

11.0 
l a 3  ......... 

......... ......... ......... 
11.0 
17.3 
14.1 
E . 7  
14. 4 
13.5 
1.1.s 

9.5 

I 18.6 

in.9 

A correlati.on of con8tan.t~ and yia7d.-A tabulw correla- 
tion between the t.hernial coilstants and t.he yield of po- 
tatoes as reported by M i .  Mikesell is given in Table 17. 
TABLE 17.-Correlation between thermal comtnnts and potato ~ i c l d ,  

Waziseon, Ohio. 1885 to 1915. 
-____ 

Correlatkm 
coefficlent. Period. 

T. 
From date 01 p h t i n g  to date above round.. ............................ am 
From date of bloom to date ripe. .......................................... 
From date Dhnted to date riue. .......................................... n. 2.i 

From date above gmund to date of bfoom ................................. 0.34 

For 10 dap-before bloo mlng.... ........................................... a 17 
-0.30 For 10 days after bloo mtng... ............................................. I 

The niost iniportant vnhe of  in this table is that for the 
10 clays ,lffrhlooiiiiiigwlieiicool wertt'lier is desirable. This, 
however, is not over three tiiiies the probable error, so 
t.h:tt too much weight must not be given to the result. 

~Tnfortuiiat.ely, \vc? clo not hnvc t*lie blooming dittes for 
cent.rd Ohio : but, if t.1ie t.inie from pLnnt.inp t.o hlcioiiiing for 
1st.e potti.t,oes is tlie s~ i i ie  in cent,rd Ohio as nt W:iusoon. tho 
1 ~-dny af~,or-l>looiiiiiig period would tigree closely with some 
of t,he highest, 1O-cltty correlations, its ShO\%-n in Tiible 10. 
This, :tft.cr tnkiiig into account the difference in dst.e of 
plnnt.ing betrwem Wauseon mid Columbus. 
TABLE lS.-~"rjr.i.c.krlio,l bctwceii mitifall a i d  pottito yidd, llirvscon, 

Ohio, 188.3 to 1312. 

i Correlation 
coeitieient. Period. 

............................................. For 11) davs Idore plantiug.. I , 0.v; 

For 1u kiys  ntter blouuing.. .............................................. 1 -:: 
.................................. F ~ O I U  d n i j  1 ~ 1 a n t ~ d  to dit? above gronnd I -0.06 

From d3tr :il~n-c ground to k i t e  iu Lloc#m ................................ _ i  
From tL6c in bloom to date r i p  .......................................... 
For 1(1 days befurr bloumiup ............................................... 

I 

0.33 
0.1% 

-~ ~ ~ ~ 

The only n l u c  of r to be considered in Tttble 17 is for 
tl:c xriocl bet,u-\-ren tlie r1nt.e t.hat pot.ntoes come up and 
the hat.@ t,lia.t, t.1ic.y are in blooni. 

If t.hc t.inic. hctween t.lw dat,e of plniitiiig and the dates 
that t,licy ilppenr ahom t.he ground n.nd the date they 
are in t~looni is t,he s:iin1-! for h t , c  pot.nt.oes at Colunibus 
:i.s at. W:i.useon, Ohio, then t,he t,iiiic for the highest value 
of P in T;lble 1s ngrces very closely with t,he nest t.0 the 
Iiighest value for Y in Table 6 and is not far from t,he t,inie 
of t,he highest, in Tn.blc. 7. 

The cuniuliitivc evidcnce is that the iiiost iniport.nnt 
t,inic for riiinfdl for pot,nt,oes, so far BS t,licse correlntions 
shmq is before blooniing. 

In C'olornclo it, wns found that with thorough cultivation, 
pot,at,oes plant.ecl thc first of Mav necded irrigation seldoiii 
unt.il July. Also t,liat niic sliou~d not) irrignt.c after August 
3 0, st.) iis t.o give 50 t a  60 diiys for ripelling in dry earth. 

In Wisccmsin it, wis founcl thnt one of t.he secrets of 
irrigat.ion of potatoes wtis not t.o irriga.t.o until nft'cr the 
young t,ubers hac1 set. When irrigat.ed inimediately 
before set.ting il, great.er iiuiiilwr of pot.at,oes were formed 
t,hnn the plmt ciin properly support and mature. In  Utah 
it, w:is found taliat increascd irrigntioii iiwreusecl t.he starch 
content nnd clecrensrd the prot,cin cont,ent, of pot.ntoes. 

In 1914 L yield of 110 bushels of potatoes was procluced 
on one-eig1it.h of tm iI.Cre of h n d  in Freiiioii t (l!ount,y, 
Idaho. This is a t  the ratc of SSO bushels er awe and 

country. The date of lanting was not given in the 

die potatoes came up itbout the first of June. The h t  
irrigation was given Jul 20 and the last Se teniber 7. 

it  was hnrvest,ecl. 
tables mill show the best time 
otat.0 plmt to apply water in 

a given rain can be used 

is reported to be the highest yield ever proc F uced in t.his 

article that came under t. H ie observation of the writer, but 

By October 15 the crop 7 lad matured, and on bctober 30 

OTHER INVESTIGATIONS. 

In Porfngc County, Ohio.-In the spring of 1914 Mr. 
H. A. Stevens, it student in agricultural iiieteorology at 
the Ohio Statme Universit, , investigated the relat,ioii be- 

county. The period covereiwas from 1SS4 to 1913. 
tween the weather and t g e ield of potatoes in Portage 
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May.. ........................................................ 
June.. ........................................................ 
July.. 
August.. ..................................................... 
8ept eNber.. .................................................. 
October-. .................................................... 
June mi July combined.. .................................... 
July and August rnmhinetl.. ................................. 
August :ind strpterulmr coml.hed.. ........................... 
June Julv. and Angnst.. 
July,'higust. and Rerknber.. ............................... 

........................................................ 

..................................... 

Mr. Stevens states that while Portage County has a 
wide variety of soils most of the otatoes are vrown 0.11 

raise late potat,oes and plant t,heiiI very late, &hough 
they m e  prac.tically all in the ground by July 1. Portage 
County is in the best potato-growing district of northeast- 
ern Ohio. . 

Mr. Stevens found little or no correlation bctween the 
yield of otatoes mcl eit>lier the t,ein erature or the rain- 
tall of f une, July, or Septcinber. Juring the month of 
Au st, however, he found rainfall niid high temperature 
bot Q to be favorable. The correlation coefficient for the 
rainfall for August and the yield of potatoes WBS 0.36, nnd 
that for the temperatwe and tlie yield was 0.44. This 
value of T for the tempernture is six times the probable 
error and for rainfall slightly less than three tames the 
probable error. 

The resent writer has since correlated tenipernturc and 
rainfa with the potat,o yield in Portage County, covering 
a period of 54 yetus, without, finding a high correl t '  
between the t,em 3erature of any nrbicular nionth or group 

this ca.lculation. 
TABLE 19.-C'orrelution qf ihc average teiiiperatzwe with potato y i d d  in 

sandy lands. Also t,ha.t most of t f ie c.oiiiniercia7 orowers 

a. doll 
up 

of months and t \ ie yicld. TabE 19 shows the results of 

Portngc Cmnt,ii. Ohio, 1860 to 191.9. 

1. 
-0.03 
-0.43 
-0.35 
-0.27 -n. 52 
-0.04 
-0.50 
-0.87 -n. 27 
-0.55 
-0.3s 

Period. 

Period. 

. -  

p1 ...................................................................... 
ay... ................................................................... 

June.. .................................................................... 
July ....................................................................... 
August .................................................................... 
6fptember. ............................................................... 
October.. ................................................................. 
June and July combined.. ................................................ 
July and hi1p;ust romhhed.. ............................................. _ '  
June slid July with July reversed.. 
July and August with July revers ed... ................................... 

....................................... I correlation coetiicient. 

r .  
I).  13 
it. 06 
II. 19 

-0.14 

-I) .  22 
-I).U2 
-0.04 
-0.12 

0.22 

n. 1.1 

n. ?o 

.................................................................... ...................................................................... 
...................................................................... 
.................................................................... 

A p l .  
h a y  
June 
July.. 
A u ~ s t  ................................................................... 
September.. .............................................................. 
October.. ................................................................. 
June and July combined.. 
Julv and Aiigust combined.. 
Auhsrst nnd Sephmber combined.. 

................................................ ............................................. ....................................... 

Inasmuch as tho potatoes are planted so htc? one would 
expect no correlation between tlic ten1 crature of oitlier 
April, M i y ,  or June, and t#hc piclcl. #he plus valuo of 
I for August, even though slight, in this correlation and 
the higliur vdue in Mr. Steven's calculation are not what 
we w-odd expect froni other tables. 

At  Wauseon in nortliwes tern Ohio t81ie averago nuinher 
of days betwecn planting and bloomina of lato potntocs 
is 49. If it takes about tlie s tmc lengtTi of time in Port- 
ago County froni planting to hlociming this would 
bring the critical period for tenipnrnture soincbimc> in 
August w-hen the nvernge tomperature for the wholo 
month would cover tlie time before blooiniiig wlien 
warm wuthey seem desirable, and after blooming 
when it should be cool. This would in part esplain the 
fdure to find a correlation between the averu.ge tempera- 
ture for a complete month and the yield. 

TABLE !2O.-Corre7alion of the raiu fall with potato yield in Portage 
County, Ohw, 18CO to 1913. 

r. 
-0.01 

0. OR 
-0.29 
-0.36 
-0.2s 
-0.33 
-0.15 
-0.44 
-0.41 
-0.15 

-- 

Correle t Ion 
roetiMcn t . Period. 

.................................................................... -0.23 .................................................................... 0. 011, 
0.3s 

lune.. 
July.. 
A m s t  .................................................................... I r- 
September ............................................................... 

In this table there is a fitirly high value of ?: for tho 
August rainfall. 

Correlation in Licking 
1111.. Pnul Gaigcr, anot!icr 
ology at  tlie Ohio Stat80 IJniveiuity corrolated the weather 
with potato yiold in Licking Cbunty in central Ohio. 
His results arc? givon in Tnblc 81. 

'J!AnLE 31.-Corrdnfioia of thc totipcratitrc and thc rainju21 with the y b l d  
r v '  potntocs in Lirkiifg ('IJiLtlty, Ohio, 1,984 to 151.3. 
- - 

Correlation coefficlent. 

Perind. 

~ ~- 

1. 
0. n? 
0.38 
0.21 

-0.34 
-0.17 
-0.14 

0.41 * 0.14 
-0.12 

* -0.24 
n. 35 

... -.L --L.- 

In the calculation for Table 31 hQr. Ckiger used IO-year 
iiiems in both yield mcl weiit.lier il:i.t.a hefore gett.ing the 
rlrpart9ure values, because t'he yield of potntoes has in- 
creased in recent yews. In the ctdculations in Table 33 
the present writer has covered a longer period and has 
oht.aitierl the ilepartme froin a nieaii for the whole 54 
ycars. 

TABLE 3?.-C'orrekitioia $the toit  ierature with the potato yield 6 1  
Lictiirg t i m n t y ,  dhio, ld.60 to 191s. 

. .... 

* Drpnrliire sign fnr July rcrcrseil. 

.- .... -- ............... - ......... .. 

The \Tiiltle of for Julie imcl July conihined niid for Jul 
nnil August, cnnihitied is aliiiost sis t.iilies t,he probab 9 e 
error a i d  t~grees very closely with the sniiie periods in 
Table 3 for the whole Sttitme. These last tc~blcs nierely em- 
phasize t,hc facts 1)rought out in the e:wlicr ones and add 
to the. weight of evidence t.liat cool surniners produce the 
best yields of potatoes in this lzit,itude. 

Sfii&s in. Jfi:ichigan..-During the present semester a t  
the Ohio State University, Mr. Edwnrcl B. Scott, a special 
student in aiyicultural meteorology, is studying t,he effect 
of the weadier upon the potato yield in the State of 
Michigan. His period covers froni 1887 to 1914, inclu- 
sive, ani1 t.he data are for the whole State. 

His work is not complete a t  time of writing, but for the 
month of July he finds t'he value of r in a correlation ba 
tween t e n  )erature and yield to be - 0.543, or five times 
the robab \ e error. For the month of -4ugust it is 0.05, 

- 0.345. 
This vdue of T for July agrees with the studies in Ohio. 

Studies similar to these should be made in other States, 
pnrtiiculwly those where potmatoes are grown so extensively 
as in northern New Englilnud and New York. 

for 8 eptember 0.15, and for July and August combined 
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By a com srison of the facts given in t#lie preceding 

distribution of rainfall charts, as published by the Uiiit.etl 
States Weather Bureau. one can deterniiiie wliether niiy 

Oiie can 
setermine also when they should be plant,ed so as to bring 
wet or dry periods in proper sequeiice in t.he growt,li and 
development of the potato plant. 

pages with t R e mean montliy t,eniperature ani1 monthly 

iveii locality is favorable for potato culture. 

SEED POTATOES. 

It is customary to consider northern-grown pot>at,oes 
more suitable for planting tlia1i those grown in tlie neigh- 
borhood or farther south. This mattmar is disc?iisseil in t8he 
Ohio Agricultural Ex erinient Station Bulletin 31s and 

seed is not superior to Ohio-grown seed, if our lioiiie-grown 
seed is well preserved. 

The following is quoted from that bulletin: i'Tha rea- 
son that nort.hern-grown stock has come to be noted for 
ita superiority for R more southern latitude is because the 
seed is wintered in ti lowor degrce of teniper,ratiire in tho 
more nort-liern sections: i t  is kept sound and hard, crisp, 
fresh, and dormant and comes down to us a t  or just prc- 
vious to planting time in this most desirablo conilit.ion. " 

Farniors' Bulletin 3% states that, uniform growth wj th- 
out check in developnient produces seed po t.zt,ops of high 
vitality. This bulletin states d s o  that there is higi!r  of 
usin varieties that set a larger number of tubcis tlinu 
can e developed unless moisture is plcntiful n.t  just the 
right time. 

Ciimate a:n.d wmther should be skdied.-Tliis raises t>lie 
point that the seasonnl distribution of raiiifdl must! he 
studied tqsee that i t  does come a t  tlie right period in tlic; 
growth of tlie potato plant. Before planting tho s o d  tho 
weather of the period when it was coniploting its devtdop- 
ment should be carefully studied to see that the plant lint1 
the proper distribution of heat and moisture to ennble j t, 
to have "uniform rowtli without, check in development. " 

,4re the best see R: potci.toos irnmcitii.r~?--Tlie qiiast.ion hits 
been raised as to wliethor n~rt~lierii-grown sod is no t. 
better because the potatoes were dug boforo t h y  wero 
quite ripe, and thus keep "niore crisr, fresh, and dor- 
mant, "'and can be shipped south in t lis niost tlesir:ihlc 
condition. This matter should receive tho attentmion of 
experiment station inves tiga tors. 

the conclusion is reac P ied that far northern-grown potato 

DISEdSES OF POTATO PLANTS. 

The foliage of the potato h n t  is particularlv subject to 
diseases which are affecte d by weather conchxis  t.0 :t 
marked degree. 

Early blight, tip-burn. and the Fusa,&m dry-rot, ixrc 
dry-weather disemes while lnte blight develo 1s in wet mrl 

in others. Sun scald occurs when bright, imd hot weiit.li~~r 
follows suddenly a moist and C ~ O U ~ J -  pcrioil. 

Other diseases such as brown-rot, rosette, pot.nto wilt, 
and dry end rot affect tlie foliaw in particular sections of 
the country, and i t  seeins prohihe tliat t i  further stud?; of 
these will show that niost of tlieni are more or loss st?vorc 
under certain weather conditions. 

The earl blight of the foliage, cluc! to tlie tittacks of t h  
fungus, A ? .ternaria solmi,  develops most rnpidlc in clrg 
weather and seems to be rntlier charncteristic of dry wariii 
soils. 

Tip-burn is s physiological disease which may follow 
8l0ng period of hot, dry weather and is redly a scorching 

cool weather in some districts alii1 in wct nnc t hot, \r:c\:itliei. 

of the tips of t8he leaves clua to 1nr.k of moisture. This 
c1iscn.w is most, apt, t o  occur 2,f ti?r hlooiiiiiig. 

The dry-rnt, of pot,nt,oes, which is 3 wcll-kiio\vn storilge 
t.roulde, h t w  been foulid to be due to a fiingus of t,he genus 
Fii s w i ; i ~  m v ariouslJr design a t ed as Fu savi,ziw I .  ox yspoiwwi 
wnrl Frrsu.r*i.urn so1a1r.i. This disease is iiianifest in the 
ficld wit.11 niclst, varie t.ies of potat.oes by a ~xirt~ial wilting, 
i i i i  inwnrtl :xiid u ~ n n l  t,uriiiiig of t,he leaves, niicl a 
cliaagiiig bo B sic x1 - y yellow. I t  s e e m  quitme apparent 
t,liat drnngli t 1inst.ens t,lie yelhwing s-miip toms of the 
disease, n-lint,ever effect, this his upon t,he nc.t.ivit,y of 
t,lie fungus cnusing the cliseitse. 

LniP hbiy7d--'I'he so-called I' kt,e blight," of potatoes 
is the niost, serious of all potato diseases and is due to 
the fungus l'7rjyiiopht7ior.(1~~a ir!f>.r;tar$x. The potat,o rot 
rwultiiig froin this disease caused very great loss in 
cast.ern Nort.11 Anierica in 1S.12, 1S.15, aiicl 187& and 
t,Iicre was ii genernl outhrenk in New Eiiglaiid and New 
York in 1901, 1903, and 1903. In 1S45 t'he disease 
spread t,lirough Great! Rrit~aiii, Irelnnd, and Belgium, 
anti t,lic? t8erril)le Irish fanline. of that8 year was due to t,he 
nliiio~t~ t o  t,al loss of t,lie pot.itto crop of Ireland from this 
tlisense during !,lie l~recctdiiig siiiiinier. 

This disease IS ui;iloul>t,eilly favored l y  moist, went,liar. 
R niiifnll :qq):treiit.ly lins inucl~ t.o dn mt,h t.hr spread of 
t,he disease, piirt~icu1:dy if henry rain is followed by 
cloudy wentlier and st.iU air, when the moisture would 
cling t.o t,he leaves for n long t.ime. If the rainfall is 
fc-llloivd 1 iy clear skies :in d siificiciit wind t,o quickly 
eriipc)ritte t.he 1iioist)urc froiii t,he p i ~  t.:l t,o leaves, then the 
disease would be checked. 

&fcccf q f  tcr~ipercr.twr 011. late ?dight.--V('rit,ers in some 
parts of t.he country st,nt,e bliat. 1nt.e blight will develop 
wi t.h a spell of uwmi., niciist,, " ninggg " weather, while in 
other sect,ions it will he noted that a serious outbreak of 
1nt.e ldight, lias followed a period of cooZ, moist weat#her. 

1.11 Bullt?t,in 245 of the 'United States Burenii of Plitnt 
Iiidust,rp the foUowing st,st,eiiient, is inride as t,o tShe effect 
of t,emp era t8uro up@n P'7,ytoph f7f  ora in,filstnn s: 

Esposing test-t.iil,o cn!ltiirt.s for 10 miniites at t.enipentiires up to  
40" C. d i t 1  not. prrrent t.ha lntirr dcvelo mcnt  of the funpis; beyond 
this t,emperatnre in1iihit.inn resulteil. 'here cultures were held at 
constant temper:%tiires thc lwst growths result,ed between 16' and 1 9 O C .  
(60.S" and G O . 2 O F . j .  Relow I t i O C .  the growth was slower, and below 
5°C. (41°F.) it was wholly inhibited. At ~uc l  above 23OC. (73.4OF.) 
the growth WAS iniliihited, with no 8ponhtion above 35OC. (77OF.) 
and no vegetative growth at or sljove 30°C. jSe°F.). 

Prof. ..A. D. Selby, in the Ohio Naturalist for Februnrg, 
1907, qiiothg from Scribner, says: "A t,emperature 
rnngirig from B 5 O  t,o 75°F. produces conclitioiis favorable 
for the disoase": and quoting froin Gallowny : "A daily 
nieaii or noriiial t,eiiiperature of from 72' to 74°F. for 
nny consic1er;d)le time, acconi aiiiecl by nioist weather, 

ease.'? 

tlo not. :tFree ns tmo the most, fnvornble tempera tures for t,he 
spread oi lilte 1 )light), in one inst,aiice t.he writer refers t.o 
t,est s iii:i.de iiuder constarit t,enipernt,ures while t,hr ot.lier 
t w )  refer to ;rrmn (7u.ity t.eniperat,ures? when the teiiiprra- 
tmrt? wou!d he higher than the opt,iliiuni in t,he d:tytiiiie 
tuid lcnvcr il l  t,he night.trime. 

It is pi~~il>nble, therefore, that t,lw iiiost favorable qe i i -  
air t.enipcrnt,urc contlit.ioii is d i m  t.he mean daily t,emyer- 
a twe is bet.wc.cii '70' iind ' 7 4 O F .  Also t,hat. the dew op- 
nieiit of the disease is checked if t.ke mean daily t,enipwn- 
ture is above 75" F. for a few clays, and that t81ic spores nre 
killed at a temperature of 77" to SOo F. 

furnishes the best conditions P or the spread of t$e dis- 

It shnuld he iiotcd t.hat, while the aut,liors cluot,ed ,I 6 1 >ore 
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Tmpemtv.re terms arc rdatiz*e.TIn figure 23 t,here has 
been entered t.hc highest mean dally temperature ilriririg 
the warmest part of the pear a t  each of blie Weather 
Bureau stations. Isothermal lines have been drawn 
for each 5 degrees. 

This chart shows that iii extreme northerii parts of the 
country and in the higher parts of the Rocky Mount.nin 
Stmatses the inem summer ten1 eratiire is generally too low 

that practically all of the central and sout.herii c1istrict.s 
are too warm for the disease to get a foothold. 

This makes plain also why in Maine late blight is a 
disease of ‘‘warni” moist weather, while in Ohio it is 
spoken of as a disease of “cool” inoist summers. 

for the best development of I; at.e blight in pota.toes and 

t.o cat11se serious dsninge, so that, even with a cool and 
moist, s m i n i ~ r  which we have fomirl -favorable for the 
urowth of potatoes there might result a very poor yield, 
h e  to loss by late blight. Then one warm and dry 
setison, alt,liough unfm-orable for the yield of pot,atoes, 
would yet kill out t,hn Phltop7it7~orcr. so effec.t,unIly that it 
would take anobher series of cool years for it to become 
again established. 

CONCLUSION. 

This pa.per is suhniit,ted, not w-itli the feeling that it is 
withoutv criticism or entirely wit,hout error or that the 
last word has been said upon the suhjwt. of t>he effect of 
weather upon the yield of i)ot,~~t,oes----iiid~c.il, t.liero me 

~- 

FIG. 33-Highest mean daily temperature (“P.) during the warmest part of the season. 

An inspection of the yearly teniperature records would 
show that, north of this nornial temperature line of TOo 
there are sea.sons or periods when t,he temperature is high 
‘enough to cause m 0uthrea.k of the labe blight, and t h t  
even south of t.he line of 75O n season mi lit bp cool 

distnct would be along the line of 70°, as shown on this 
chart. 

I t  must be remembered that in the southern portion of 
this critical area it would t,ake iiiore t1ia.n a few weeks of 
cool weat,lier to develo the disease and that ereii one 

of cool summers i t  nlight becorne sufficientply developed 

enough to cause loss to t,he potnt>o crop. 5 he critical 

cool season would hard P y do it. But that with a series 

several different lines of investigat.ion that, it suggests and 
t1ia.t niight well be carried out-but rather with the hope 
that its presentation may encoura. e ot,liei% to delve into 

est.ing and t.horoughly econoniical ant3 iniportmt, field of 
science. Thc Unit,ed St,ntes Weather B u r ~ m ,  at, it.s regu- 
lar m d  cooperative st&ions, has ticcumulated a vast 
amount of ineteorologicd and clinintologicnl dat,a: the 
various Stat.e bonrds of a.gricult,ure and the United States 
Depnrtment of A riculture have conipiled records of crop 

8)r plodding investigators t.o put these tlnt,n t,ogether and 
develop n live and prac.tica1 agr-irulkral meteomhgy. 

t.his almost coniplet.ely neglected PI ut woiiderfully int,er- 

roduction for a 5 ong period of years. It only remains 
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ICE CONDITIONS IN DANISH WATERS, 690-1860.’ 

Wo have very striking rep0rt.s from the times of trlie 
fourteenth and fifteenth centuries concerning t.he freezing 
over of the Baltic (Ost,ser.) and even of the ’‘ Skngerrcik” 
or the North Sen (Geriiian Ocean). These reports hnvc 
been so positive that ninny have believed them to be un- 
deniable evidence of a clinnge in ntaturnl conditions since 
those tinies; t,hat they inrlioat,e either a warming of the 
c1iniat.e or, as Pet,t,ersson has suggedt.ed, a11 increase in the 
depth of the less snlt>y snperficinl stsittuni of t l i c t  Baltic. 
waters with a resultant intensification in the vsrt,icnl cir- 
culation, so t,hat t,he wint,er cooling is n t  present dist,rib- 
uted throu hout a gfeat,er mater iiiiiss thin formerly. 

The aut f or of tliis first ntteiii t t i t  n oompreliensire 
study of the ice conciit,ions in !Danish waters during 
historic times reaches another conclusion, however. 
After ten years of searching-at first i t  seemed like semcli- 
in0 for a nesclle in t i  haystack-the aut.hor seenis to have 
exlausted rill esist,ing mnt.erid. His gentwd result. is 
t,liat the ice conditions have not tilt,ercd denionstraldy 
during historic times. Not until rectmt ycnrs h:is thcrc 
been any essential change, and t,lie recent failures to 
form firm ice bridges are due to the disturbing steani- 
shi traffic. 

$he occasions when, in tlie years 1635 and 1709, persons 
walked across the ice bridge from tlie islnncl of Bornholm 
to Sweden or Rugen were reported as very remarkahlo 
events; the conditions recurred in 1S3S and hac1 i t  not 

1 Spaerschnelder C J. H. Om isforholdem 1 Dnnske farvande Aarene G%l.WO 
KO emhagen 1016’ lll Plate. (Dans. meteorol.Instit., Public..Mitt. 2.) Trans: 
lateff from adstract by 8kqqm1 in Met. Ztschr. apr. 1915, 30: 1SW.) 

been for the steamboats, would have returned in 1893. 
The reported earlier “lively travel” on the ice may be 
coinpared with siinilar reports in recent years, e. g.-the 
report by Ritzau’s Bureau on Much 18, 1909, concerning 
t>r:tffic :wross tlie ICleinen Belt” (strait between Schles- 
wigHolstein m d  t>he Island of Fiineii), upon investiga- 
bion t,urned out to 1i:tve been based upon the fact that two 
1nen clarcd t.o wdk across and n number of children played 
near the shore. One is all t,he more justified in nssuming 

t,he reports are some demonstrably false ones. Genera f siniilnr osnggerations in earlier times also, since amon 

shtenients such 8s “ the Baltic was frozen over,” “the 
Black Sea was frozen over,” niay with certainty be inter- 
pret,cd ths applying to individual bays only. 

In  pnrt, however, this unreliabihy of the records is 
clue to 8 ecial causes. Thus the names of the bodies of 

As late tis the lSth century the waters off Copen- 
hagen were not called The Sound [Sund], but the Baltic 
(Ostsee), the Katotegnt was called t,he Skngerrtik, and 
sonietinies the Knttegat wits even c d e d  the North Sea. 
Very often, also, n copyist has interohrtnged the figures 
when writiw a year: for exampl,e;, different sources of 
information finve written 1293, 1391, 1396, nnd 1369, 
when the correct year was 1296: similarly, 1330, 1333, 
and 1333 should all read 1323. That New Years falls 
in t.he wint.ertime nlso often CRIIS~S ullcertilill t y  regarding 
the ear number. 

d e  principal source of information for tlie years since 
1750 has hecn the Berlingske Tidende. 
and 1799 The Souncl [Suncl] was full of ice in 20 years, 
and in 10 of those years i t  was possible to cross the [Sund] 
on tlie ice. From 1S00 to IS49 t,lie [Suncl] was full of ice 
in 19 years, niicl in 9 yeirrs i t  was crossable. After 1850 
the inc.reasing steumer traffic ninclo such comparisons im- 
possible ; nevertheless even to-day traffic on Danish 
waters is interrupted by ice hi one year out of three. 
idso ice-conditions reports have been instituted seven 
times by the Danish Meteorologicnl Institute. At the 
1)eginning of wiiit,er heavy frosts have no effect in forruing 
ice, because at! that season tlic watcr is still too wnrni; 
ice forins only in long or late winters. In hard winters, 
to-day as in emlier times, the waters begin to freeze about 
t,he first of February and reinnin frozen until the middle of 
March. As early as the 16th century navigation used 
to open in March, the buoys wero set out about M:trcli 1 
nncl the lidits re-lit. 

There eas been no not.ic.onblc! chnngr. in all these 
feiltures since certnin1-y as early as the 15th century. 
Conditions of these waters since 1S60 will bo discussed in 
a lat,er study. 

water a I? out Denmark have suffered ohanges, in part. 

Between 1750. 


